From : BM_ 



Best Available Copy 



Dec. 05 2002 12:20PM Pll 



PHONE No. : 310 472 0905 



IBIS BiEK ESI 

8Y COPYMUrr L*W (17 U.S. LQOl) 



OUNOMI MF1HODS 



Real Time Quantitative PCR 

Christian A. Heid, 1 Junko Stevens, 2 Kenneth j. Livak/ and 

P. Mickey Williams 1 ' 3 

2 App«€U PioSysiems Dhmkm o( PWkin tinier Corp., Fosl«r City, California 94404 



WclTv, ci^pedTTove, Teat time" quanOuuWc PCR ^ ™^ 

Scin* iTmuditoT and higher throughput assays. The truMm ™ ™^ 
range of starting target molecule determination (at Wa.t five orders of "g"^^ 3 ' tlme °« anmanV 
PCR is extremely accurate and less labor-intensive than current quanmanve PCR methods. . 



Quantitative nucleic acid sequence analysis Mas 
had an important rule In many Helds of biologi- 
cal research. Measurement of geuts expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Tan ct al. 
1994; Huang el al. 1995a,b; Prud'homme et al 
1995). Quantitative gene analysis (T;NA) lias 
ix-cn used to aV.icrmine the genome quantity of z 
particular gene, as in the cascot tlie human HKH2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human inunumxicflciency virus 
(I1JV) bmden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; J'latak el al. jw:th; 
Purtado et ai. 1995). 

Many methods have heen described, for the 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 19/6; Sharp et 
al. 1980; Thomas 19H0). Recently, PCR has 
proven to be. a powerful tool for quantitative 
nucleic acid analysis. PCJR and reverse transcrip- 
tase (RTJ-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made. ]>os- 
slblc many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that it be uaeU property <W quantitation (U»«y. 
maskers 1995), Many early rqxirls of quantita- 
tive PCK and RT-PCR described quantitation of 
the rCR product but did not measure the Initial 
target sequence quantity. It is essentia] to design 
proj>cr controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clemen tl el al. 
100?.) 

Ke.MMifchcrs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the retuiton before the plateau (Kellogg et al. 
1990; Pang ct ah 1990). This method requires 
thai each samp'* ^ «i ual in P ul a»»< mnls of 
nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quuiitiUlive analysis. A gene sequence (con- 
tained hi all samples at relatively constant quan- 
tit'.**, such as p-aclln) can be us«d for sample* 
uoipliTication efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gci electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ'Kifc has been developed 
and is used widely for PCR quantitation. QC-PCU 
relics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Plarak ct til. 1993a,l>). The eolcloncy of each re. 
action is normalized to the internal compel Hor. 
a mown aifuiuni o/ Internal competitor can be 
inuru rnca no/ a*« wj «c:t>T 7nn7/cn/7T 
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oddod <n each sample. To obtain relative nuanU 
tatlon, the unknown target PGR product is com- 
pared with the known competitor PCK product. 
Success of a quantitative competitive I'CH assay 
relics on developing an hitcrnul control Hint am- 
plirttts with the same efficiency as the hugei mol- 
cculc. TJlc design of the compciltof and the vali- 
dation of amplification efficiencies icquirc a 
dedicated effort. However, because QC-l'CR does 
not require that PC Stt products be analyzed during 
the log phase of I he amplification; it is tin: easier 
wr the two met hod 3 to use. 

Several detection 'system* uie used for quan 
Illative l-'CR and tcT-I»CR analysis; <1) agarose* 
gels, (2) fluorescent labeling of PCR products and 
detection with ln;wT-i ndue.ee! fluorescence using 
capillary electrophoresis (Pasco ct al. 1995; Wil- 
liams ei al. 199o) or aerylajutdc gels, and (3) plate 
capture; and sandwich probe hybrid b.a l lor t (Mul- 
der el al. 1994). Although these method* pmved 
successful, each method requires posl-PCR ma- 
nipularlons That add time to the analysis and 
may lead to "hibumtuiy i oiilnirtlnaiion. The 
sample throughput of Lbevr method* is limited 
(wllh l he vxccptlon of the plate capture ap- 
proach)- lb«r«forc # these methods, ore not 
well >uiled ftu tiM.** demanding high sample 
throughput (i.e., screening of large numbers of 

blt)tiiwl^v.ulcr> in Jimty/.lil^ cUunpIca i\ti diagnos- 
tics or clinical trials). 

I I ere we report th<: development of ;t novel 
assay for quantitative ON A analysis. The assay is 
based on flm use of the ,5 'nuclease assay first 
described by Holland et al. (1991). The method 
uses the 5' nuclease activity nf 7W</ polymerase t<i 
cleave a noncxtcndlblc hybridization probe dur- 
ing the extension phase of I'CH- The approach 
uses dual-la bclcd fluorogenic hybridisation 
probes (Lcc ct a). 1993; Jtasslcr ct ah 1993; hlvoh 
ct al. J99£a,b). One fluorescent dye serves as a 
reporter |FAM (i.e., 6-carboxyfluorvsvc»n)I and it* 
emission spectra is quenched by the second fluo- 
rescein dye, TAMRA (I.e., o-carix>xy-tetramcthyl- 
rhodaminc). TJic nuclease degradation of the by- 
brtdlwitlon probe releases the quenching of the 
I'AM fluorescent emission, resuHing in an In- 
crease, in pea.k. fluorescent emission at SJg nm, 
The use of a sequence detector (AUI Prism) allows 
measurement of fluorescunt spectra of all 96 wells 
of the thermal cycler continuously during the 
i*CR amplication. Therefore, the rcuctious aie 
monitored in real time. The output data is de- 
scribed and quantitative unalyab of input target 
I )NA sequences is discussed below. 



RESULTS 



PGR Product Derecrlon in Real Time 
The goal was to develop a high-throughput, sen- 
sitive, and neetiraic gene quantitation assay for 
use In monitoring lipid mediated Ihcirapouric 
gene delivery. A plasmld unending human factor 
VIII gene sequence, pK8TM (sec Methods), wax 
used as a model therapeutic gene. The assny usr< 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Aill Prism. 77(H) Sequence TVtcrlnr). Ilu: 
Taqma" reaction requires » hybridization prnhr 
Ial>cled witJi two different fluorescent dyes. One 
dye is a reports dy« (l«'AM), the other is * quench- 
ing dye (TAMRA). When the prul«: is intact, fluo- 
i esc en I energy transfer occurs and the reporter 
dye fluorescent, emission is ubsorbc.H by the 
quenching dye (TAMRA) . During the extension 
phase of the PCK cycle, the fluorescent hybrid- 
ization probe U cleaved by the S'-.T nuclcolytic 
octivity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
suJtinK hi an increase of the report or dyu fWrOt- 
cent cini.-«l«ii spectra. PCJR primers und probun 
were designed fin the human factor VI 1 J se- 
quence and human p-aotln gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the sppropriate probe and 
magnesium concentrations yielding the h^hes* 
Intensity of reporter fluorescent signal without 
sacrificing specificity . The Instrument uses a 
charKc-couplcd device (i.e., CCD eameru) for 
measuring the fluorescent emission apeclm from 
MX) to r.50 nm. Uach PCU tube was monitored 
setjuvntialty for 25 tomtc with eimtlnuous moni- 
toring throughout the aiiiplificLiiipii. ISftCh tube" 
wan rr.-cxan tlncd every 8.5 sec. Computer wt}- 
wtxTv. was designed to examine the fluorescent In- 
tensity of both the reporter dye (I'AM). and 
the quenching dye (TAMRA). The fluorescent 
intensity of the quenching dye, TAMRA, changes 
very Utile over the course of the PCR ampllfl* 
cation (data not shown). Therefore, the intensity 
nf TAMRA dye emission serves a* an internal 
.nlandard with which to norniullxe the reporter 
uyu (1 : AM) cmlsilon variations. The software cal- 
culous a value termed (or ARQ) uAing the 
following equation: ARn - (Itn J ) (Ri*" ). where 
Rn 4 . enii.fHion inlejisiiy of reporter/emission in- 
tensity of quencher at any given time In a reae 
doti tube, ami Ru r- emission intensitity of re- 
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poncr/emisslon Intently ufqucm:Uer mewwred 
prior 10 TCK iiinpMicatiou in ihnr same reaction 
tube. I'or the purpose of quantitation, the \*si 
three data points (ARns) collected during the. ex- 
tension step for each J'CK cycle were analysed. 
Tlie micleolytic degradation of the iiyimdjy-aiion. 
probe occurs during the extension phase or I'tat, 
and, thi:n?fore, reporter fluorescent ciniaMun in- 
creases during this time. l ni« tluw data points 
were averaged for each k:K cycle and the menu 
value for each was plotted in an "aiupmicatlon 
plot" shown In J^urc J A. The ARn mean valui- is 
plotted on the j*axis, and time, represented by 
cycle number, is plot led on tin* x-axts. During the 
early cycles of the FOR amplification, the ARn 



value remains al base line whc*n sufficient hy- 
bridization probe has been cleaved by Ihe Tn/? 
jxilymcrase nueleAftC activity, the intensity of re- 
porter fluorescent emission liiftfuavvb. Most \K:\\ 
umplin\4i|tons reach ? plateau phow of reporter 
fluorescent emission if the reaction Is carried out 
to high cycle iju/jiIwjn. The amplification plot 1» 
oxumim:d vaiiy in Urn reaction, at a point lhai 
icprcsents ihe log phase of product accumula- 
tion. This is done by uuignlng an arbUiajy 
threshold mm is based on the variability of the 
base-tiJiedyu. In Figure M, the threshold was set 
ui in standard deviations above the mean of 
base line emUvum calculated from crydcii 1 Lo 1 fv 
Once the threshold is chosen, the point at which 
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Flqure 1 PCR product detection in real time (*) The Model 7700 sullware will w™ 1 ™* a«3J plifi^tferMplotS 
SSfte extension phase fluorescent emission data collected during the PCR ^pMc^.J^ *nd£ £ 
Nation is determined from the data points collected from the base line ^^"^^^^ Z 
calculated bv determining the point at which the fluorescence exceeds a threshold limit (usually iu times me 
SnSdSon 3 tho 9 base 5£e). (B) Overlay of ampllflca.ion plots of serially (1 fHS 
DNA »mplc S amplified with fs-actin primers. (Q Input DNA concentration of ^jamples Pg^*^ 
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the amplification plot croisco the throsholdivcltf 
fined as C,. C,- is reported a* the cycle number ;it 
tEtlf; point. As will be demons! rut m<1, thu CI, value 
Is picdlciivt of the quantity of input target. 

Of Values Provide a Quantitative Measurement - of 
Input Targer Sequencer 

Plgurc IB shows amplification pjuU of 1 i>«di1T«sv- 

ent PGR amplifications overlaid. The ampii&u- 
Hons were performed on a 1:2 serial dilution 
human genomic IWA. 1 nc amplified target wu*. 
human [J aetin. The amplification plots ahifl to 
the right (to higher threshold cycles) ft* the input 
target quantity is rodueed. Mhifl is oxpectod ho- 
ouku nwctioriK with fuwox starting copitw of the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the G r values. Figure 1C represents the 
C,. value* plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
P<:U amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly wjtb Increas- 
ing target quantity, Thus, C r values can be used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6*ng sample shown In Figure 
Ifl does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
'Hie 15,6-ng sample also ac hieves* endpolnl pla- 
teau at a lower fluorescent value than would he 
expected based on the input PNA. This phenom- 
enon has been observed, occasionally with other 
samples (data not si town) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C 7 value us 
demonstrated by the ill on Die line shown in 
Figure 1 C Ali triplicate amplifications resulted in 
very similar Or values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 3 00,000-jbld range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
.quantitation. The linear range. oi lluoresccnl in- 
tensity measurement of i he Alii 7700 $c- 



motif s over n very large r;m$;<* of relive* darting' 
target quantities. 

Sample Preparation Validation 

Several parameters influence the <-fllcU ; «ry of 
PC:r amplification: magnesium and sail conceit: 
trutions, reaction conditions (i.e., time ,and lean- 
perulurc), PCU target size and composition, 
primer sequences, and sample puriry. All of The 
.above (actors are common to a single VCR assay, 
except sample to sample purity, in an effort to 
validate the. method of sample preparation fox 
the iactor VJ11 assay, PCK amplification reproduo 
ibility and elficicncy oi It) replicate sample 
preparations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA wasquantUaicd by uit/avlolcl spectroscopy, 
Ampiincatlons were performed analyzing p-aciln 
gene content in 100 and ZS ng of total genomic 
UNA. Each I'CK amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each oi the triplicate PC It 
amplifications was highly reproducible, demon- 
strating that real time PCK using this instrumen- 
tation introduces minimal variation l-nto the 
quantitative, I'CK analysis. Comparison of the 
mean values of the. 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p-acOn gene quantity. The highest C T 
difference between any of the samples was 0.S5 
and 0.73 for the 1(K) and 25 ng samples, respec- 
tively. Additionally, <the amplification of each 
sample exhibited an equivalent rate of fluoro 
cent emission intensity change per amount of 
l>NA target analyzed as indicated by similar 
slopes derived from the sample dilut ions (Pig. 2). 
Any sample containing an excess of a PCX inhibi- 
tor wouid exhibit a greater measured 0-actJn O r 
valuc for a given quantity of DNA. in addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis (l ij^. 2). altering 
the expected C,- value change. F.ac:h sample am- 
plification yielded a similar result in the analysis, 
demons! rating that this method of .sample prepa- 
ration is highly reproducible, with regard to 
sample purity. 

Ouantitarlve Analvsis of a Plasmid After 

7ncfl no/ «&« wj «c:fcT 7nn7/cn/7T 
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Tablo 1. Roproduclhlllty of S*ropl« Pi-eparatlon Method 



Samp I q 



9 
10 

Mean 



100 ng 



25 ng 



standard 
m^an deviation 



CV 



18.24 

18.23 

19.33 

18.33 

18.35 

1(M4 

18.3 

1H.3 

1*M2 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

1S.2B 

18.36 

18.52 

16.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1 8.66 

0 10) 



lv.27 0.06 

*BA? 0.06 

18.34 0.07 

18.23 0.0E 

1UM2 0.04 

18.7-f 0.21 

18.39 0.12 

18.63 0.16 

18.29 0.1 

1ft.5S 0.12 

18.12 0.17 



0.32 

0,3? 

0.36 

0.46 

0,23 

1.26 

0.66 

0.»3 

0..« 

0.6S 
0,90 



20.46 

20.S5 

20.5 

20.61 

20.59 

70.41 

20,54 

20.6 

20,49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.6S 

20.96 

20.84 

20,75 

20.46 

20,54 

20.4B 

20.79 

20.78 

20.62 



standard 
mean deviation CV 



20,51 0.03 0.17 

P0.^4 0.11 0.54 

20.54 0.06 0,26 

20.43 0.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0,12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.16 

20.66 0.19 0.9-1 



(or containing a partial cUNA for human factor 
Vlll, pKg'CM. A scries of transections was act 
up using a decreasing amount of t he plasirud\40, 
4, 0.5, and CM fig). 1*wr:niy-ro<jr hours po.M- 
tranafertion, tola) DNA was purified from each 
flask yf trlb. p-Actiu gent quantity wa* cIjumtii as 
a value for normaTi^tiwn or gc.uuiriic ONA con- 
ccjitraUon fruit t eaeli sample, hi this cxpejiment, 
p-actin gene content should remain constant 
relative to rotal genomic UNA. Figure 3 shows the 
result of the p-actln DNA measurement (100 jig 
total DNA determined by ultraviolet spectros- 
copy) Ot each sample. Kaeh sample wa» analysed 
in triplicate and trie mean p-actin C> values of 
the triplicates were plotted (error bars represent 
r+wi+en rimtiaiioni 'I h#» htnhpsr «liffrrrnrr 



between any iw<\ samplci moani! was 0.<>5 C,.. Ten 
nanograms of total UNA of each sample were also 
examined for p-aclln. llic results «gum showed 
that very similar amounts of genomic 1>NA were 
present; tin: maximum mean p actio C:, value 
difference wa.-i 1.0. As Figure 3 shows, the rate of 
P-actlii C r change between the 100 and 10-ng 
sample* was similar (slope valuer rang« butwocrn 
3.56 and -3.45). Thla verifies again \hi\i I he 
method of sample preparation yields samples of 
identical PCM integrity (i.e-, no sample contained 
an excessive amuuiii uf a PCK inhibitor). How- 
ever, these results indicate that each sample con- 
tained slight diffeiences in the actual amount of 
genomic 1>NA analysed. Determination of actual 
vuuuiJiic ON A concentration was accomplished 
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Figure 2 Sample preparation purity. 1 he replies to 
camples shown In Table 1 wore also amplified In 
tripicate vising 25 119 of each DMA sample. The fig. 
uife shows die input DNA concentration (100 and 
25 ng) VS. C, In 1h#* lirjurp. lh<* 100 and ?fi ng 
points for each sample are connected by a line. 



by plotting the mean ft-aeb'n O, value obtained 
for each 100-iig sample un a p-aciln standard 
v;urve (shown In J'ig. 40>. Hit actual genomic 
DNA concentration of each sum pit:, a, was ob 
tallied by extrapolation lo ttiu *-axii. 

Figure 4 A shows the measured (hu. f nort- 
ncifmollTied) quantities uf factor VJJJ plantnid 
DNA (pF8TM) from each of the femr transient cell 
transections. Each reaction contained 100 Off of 
total sample. DNA (as determined by UV spectros- 
copy). l r *ch sample was analyzed in triplicate 



2& 



'% 23 



21 



20 



V -27.73 * *tf I0HI. 1 
^«. Mi3--J >« Ft- 1 



D^TMtnwcfaatod 



o.a 




1.2 1.4 u* i.e 

tog (ng Input ONA) 

Figure % Analy>l> of ltdnsfectcd cdl DNA quantity 
and purity, the C?NA preparations of the four 293 
cell transections (40, 4, 0.5, and 0.1 >xg of pF8TM) 
were analyzed for the (3-actln gene. 1 00 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM rhat was transfectcd, the fi-aciln 
C T values are plotted versus the total Input DNA 



pr.U amplificationsc. As shown, pI*'8TM purified 
ifitjic Jhc 29:s cells decreases (mean C, values in- 
cr«:w6) with decreasing amounts of plastnld 
iirum&'Ucd. The mean C 4 values obtained for 
prWM in TigufC 4A were plotted on a standard 
curve comprised uf sciially diluted pKttTM, 
shown .In figure 4ft. The quantity ul pI'KTM, h, 
found in each of the four iranricctlonK was de 
termined by extrapolation to the x axis (if the 
standard curve In lityurc 4tt. Those, uncorrected 
values, b, for pMfJ'M were iioriDalbud 10 delcr- 
rninc the adusil amount of pl'8'Dvi found per 100 
ng of genomic DNA by using (he equation:. 

b X 10 O nft jiciual pI*Tn~M copies i>er 
- 100 ng of genomic DNA 

where a actual genomic DNA in a sample and 
fj^pI : H*l*M copies from the standard curve. The 
normidir-ed uuanUty of pt'STM per 100 ng of ge- 
nomic DNA for each of the four 1 mm feet Ions Is 
shown til h'igurc 4JJ. 'ilicysc roull* show vliai ihc 
cjunntlty of factor VHl plasmlU associated wult 
the 293 cells, 21 hr after truiusfecii<»«, Oih.iimsu;. 
with decreasing pJhuiiiu uh jceiuiation uacU hi 
the transection. The quantity of pl'ttTM associ- 
ated with 293 celb, after uunsfectlon with 40 u,g 
Of piasmid, was $$ pgp<?r 100 ng genomic DNA. 
This results In --$20 plasmid copies per cell. 



DISCUSSION 

Wo have described a new method lor quantitut* 
jug gene copy number* using rcal-tlmc analysis 
of PCX amplificationx. Real-time FCK i< aMnfiat- 
Ible with cither of the two FCR (KT-PCR) ap- 
proaches: (1) quantitative wi»f*ciiiive where An 
UUcinal cumpctlior for each target sequence h 
used for normalixaUon (data not shown) or (2) 
quantitative comparative PCK using n iniumdiza- 
tlou gene contained within the sample (i.e,, p-ac- 
tiii) or a "housekeeping" gene for RT-PCK. If 
equal amounts of nucleic ueid are analyzed fur 
each sample and if the amplification effhiency 
before quantitative anaiysb o identical for each 
sample, the Hirernal coutml (nu^maliwilion gene 
or competitor) should give equal signals for alJ 
samples. 

The real-time PCK method offers several ad- 
vaiHafics over the other two methods t:urrcnlly 
employed (see the introduclion). tfrst, the real- 
time i 3 CR method is performed in a doscd-tube 
system and requires no pwt-PCR manipulation 
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Figure 4- QiiantUfltfc/o analytic of pFSTM in transfcctcd cells. (A) Amount of 
plasmid DNA used for I he trunsfection plotted against die huhim C, value deter- 
minod for pffiTM remaining fa hr after trunsrection, (fl y Q Standard curves of 
pPRTM *nd £-actIn, respectively. pf8TM DNA <0> And genomic. DNA (Q were 
diltitftd aarlally 1:5 before amplification with the appropriate primers. The f*-actin 
standard cuivq whu usod to normalise the results of A to TOO ny of genomic DNA. 
(0) Tho amount of pFSTM present per 100 ng of genomic DNA. 



of sample. Therefore, I lit* potential for PCK con- 
tamination in the laboratory is reduced bccauNO 
amplified products cuu !«• aualyv-od and disposed 
of without opening tlu» reaction tubes. Second, 
this method suppoxU lh« u,mi of a tiormiili^ciOon 
gene (i.e., P-flcttn) for quantitative. PGR or house- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
lug phase permits many different genes (over a 
wide input target range) to be anaJy^rd simulta- 
n*:uusly, without concern of reaching reaction 
plateau at different cycle*. This will uiukc uiulll- 
gene analyst assays much cut tat Ivj develop, be- 
en ww: individual interna) uimpvillui* will not l>c 
heeded for each gene under anaJy»l». Third, 
jvdtnpic throughput will iu*.ica>e di an ml Rally 
with the new method because there is no post- 
TCK processing time. Additionally, winking In a 
°6-wcJI format is highly compatible with auto- 
mation technology, 

The real-time 1>CR method is* highly rcpro. 
ducible. Replicate, amplifications can be analysed 



for *»ach sample minimising jKHcnilttl error. The. 
.system ;i11owk i'ot a very large assay -dynamic 
rungf (approaching 1,000,000-fold Mailing Uii- 
gcl). Uaing u standard curve for the. target oi in- 
terest, relative copy number values can be deter- 
mined for any unknown numplc. fluorescent 
threshold values, G r , contdatr. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
KT-PCR methodology (Cilbson et al., this issue) 
ha* abobecrn developed. -finally, real Ume qu<in- 
titativr I'CU methodology can be used to develop 
high-throughput screening aaaaya for a variety of 
applications [quantitative gem; CApJCd&iou (RT- 
rCK)j gene copy nnnayci (f 1cr2 f IllV, etc), gcm> 
typing (knockout mouse, analysis), and Immuuo- 

renj. 

Real-time I*CA\ may al.%o l>e j^rformcxl using 
intercalating dyes (Hlgttchi ct ul- such as 

cKhJdium bromide. The fluorogenic probe, 
method offers a major advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dimvrs and nonspedflc POR producl.s are not de- 
t<M-ted). 
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METHODS 

Generation of a flasmld Containing a Partial 
cDN A far Human Factor VIII 

Total RNA v*« harvested (KNAwd 1* from 'I'*-! Tctt, Inc., 
hnendswood, TX) from twJl> imiMfccted wtth a (ncior VI U 
rvprairiuu vtjetor, pCUS2.Ut4.Sl J (Katun el M. 1VK0; Cor. 
man ct al. 1900). A factor VIII partial cl )N A wvpietuv WAS 
ftt-mwlcd by ID' \*CAt IGoueAmp \V. tTth ItNA WJl XU 
(part NttOK-or/y, i'HApplui) Utosy&icms, l : t«tet ^ **ty, <.;A)J 
UiliiR the 1'C:u primers PHfor wiul Ittrov <|%riim-r .<yqiieitcr\ 
arc ahown below). Tltr ampheon was rcamplifii-d using 
modified I'flfor and Wrcv primers (apix'iuli'd with huntlU 
and fxwdUl restriction sire sequences »t the V Ci»df 
Clonal Into jXiKM- 32 (Promt^u CUirp,, Mudwou, WI). The 
resulting clone, pP8TM. was u.vd tor iranwcot transfealon 
aJ' 293 colls. 



Amplification of Target DNA anil Duiccilon cf 
Amplicon Factor VIII Plasmid DNA 

(pr'8"l"M) was tunphfUal with tlir |»lint-i* Mtfor 5'-<X;C- 

fn*{K:(^vAtiAu:ixjAcxiiCitc-3* and wrev .v-aaacgt- 

t^CCXnXKSA'JXUiTAOO-a'.Hie rvnclhm produvvd t* 122- 
np i'C;K product. The fnrwurtl primer wa.> deigned hi tw 
ogntxe u unique Mf{iu*iHt< hmod In the 5' untranslated 
region of thu paten I pC152.b\25l> pldiunid <nid Ihiticforc 
dues nut fevugiiUu <ind amplify ihv ltuuian factor VIII 
gctie, I'rimofft wore chosen with the a wi figure of lh<« com- 
puter program Oils*' 1.U (Nutimml Itiujsciences, lnv„ Ply- 
mouth, MN). The luiman p-actln gene whs amplified with 
the printers 0-cwlin forward primer £ 'TCACOOAGAt :t*GT 
GCCCATOACGA^V anU (i- act in reverse piimcr .I'-CAC 

C0CAACCC:trr<:A rrc;c:c^AJ GG-3'. The reaction pro- 
ciueca a 2V5 hp i»c;h product. 

Amplification reactions (5U *U) eontaim'tl <t DNA 
sample, J OX !»<;« Buffur II (S 200 p.M dATP, dCTP, 
dCIT, 400 |tw riUTP, A inM MgCl ?l 1.ZS Units Amph 
7 in; r;NA pojymciaw, 0.5 unit AiitpKrnsc viracil rV-fiiy- 
wwyluw.* (UNO), SO pmolt* of cftch factoi VII) jvlinct, und 15 
pinoh* ill *.H*t.li p ACtlr) pilmcr. Tll<r i<>ai*lluiv^ i\\u> t.unlttluccJ 
Olie Of the following (letcttlnn prntws (KMJ nw mrli): 

i'tiiir^be A'(PAM)Ac:crrcrre:c^c:crrc;f.-n , (rrrrcnx; , r. 

GCCTT(TAMRA)p 3'«ud p-actiu proU- 5' (TAM)ATGC:CC:- 
XCrAMRAJCCCCCATCCCATCp-.l' where p indicates 
pho.tphnrylAi iAri nnd X Indicates a linker arm nucleotide. 
Rene lion twhea wrw Mit:n>An^p Optical T«l>cs {part AUflTl- 
berNtcOl 00.1.1, Pcrkln lUna-r) Uiat worv f rutted (m! J*erW»i 
r.tmcr) (o prcv*-ul llghi from /cflccllnp 1 Tube capi were 
simitar in MU*roAitip C;nps l>ui specially designed lo pre- 
vent light se;j(tvrhig..AII ot ih<< Vi'M c*n\Hun\i\\)U t wcro m>»- 
,Jiv:d hy PK Applied lUo«y«icmv (|!*»ator CMy, CX.) except 
thr fador VI LI prlcueri, wlilt-H wnr synthesized a I Ceitvit 
lech, Inc. (Suuth 'an Pmnctseo, CA). Probes wtw dc*sJttnt'd 
tiAlng the Oliyo 4.0 software, follvwltiK gutilpltiios imk- 

KC$*ea m mc Model 7700 .sequence Peurtor ii^tiuiiienl 
manual, hrtcny, prube T m dittuUl be ai Jeost 5 U C higher 
Uiatl thf ann^ullii« teui|A*iaturc u»cd during ihrrmtil ey- 
rltti(y primers should not fuim M-hlv duplexed with tin* 
probe. 

'Hie litem;*) cycUng conditio* Ineluded 1 juIxi ai 
StTCand 10 niin al 95"C. Tliej-mal vycling proceeded with 
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reaction* were pcrfonned in the Model 77t») Sequence IV- 
t«1or (Pt AppMed UlusyvK'tm.), which ccmtaLns * Ccoe. 
Amp W':U Systwm P60C Uc*a*:llon wudhion^ w<-rf pin. 
gniiitiueU o«t .i Mi «w M»ciiilt«lt 7100 (Apple CV.imp'd^ 
Santa Qara, C^\) linked dimity to the Model V700 .^^ 
cjucnev IXilwtor. Aii»1y«t* uf data w« atui p<*Wormfd on 
the Mn4*tn(oah computer. Collartion atid analytic cnftwiuo 
wtu dcvclojwl *t Applies! Wo«y»tuiiis. 

Transection of Cells with Factor VIII Coiutruci 

Pour 1*175 Hasks of 293 cells (AVCO C:R1. ^ human 

fetal kidney sue;penAion cell line, wvrv grown io 80/Mt con- 
lUieney and tranifecti'd pVHCl'M. Cells wore grown In the 
following mcdlfl! StW6 HAM^ V\2 without GUT, 50% lt»w 
glucoac J)vtilwtXN»'8 im*dlflcd Kaxlo iTjediiint (1 JMIiM) wlUi- 
otn glycine with sodium bicarlxmate, 10% iotal bnvinc 
scrum, 2 i»m L-gluUiriinc, and 1% penicillin-slrcpiomy- 
iln. The media na» dmnfjed 30 mln heh%«. the trans(cc 
Uon, pPUTM DNA amount» of AO, A, OS, and 0.1 .Hi were 
iidttiifl in 1..S ml of « svlutJun containing 0.I2A m ciud*- 
and 1 X IIW'KS. The four roU hires were left al room (fin- 
(.KT/vtun* for 1U mln and then iidditl dnipwljw- to tl»c ct-lls. 
The n«>k* wvi*-.ificuUitcd at 37°C-'and W> t''A\ U\r 24 hr, 
washed with PttS. ii»d «wu»pcndcd In PUS. The remm 
in fidel celh were divided into »IW|uoU uod 1>NA wft* c>f- 
trnutcd Itinncdlutely using Ihv QIAumip Kit'CQiigon. 
Uiat^wortl), CA). »>NA wits r.Kded Into 200 pd oi 20 mw* 
TrU-lia ut pll «.0. 
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